Background: In the United States, black and Hispanic white women with breast cancer present with more advanced stages and have poorer survival rates than nonHispanic whites, whereas Asians and Pacific Islanders do not. However, Asians and Pacific Islanders and Hispanic whites are heterogeneous populations, and few studies have evaluated breast cancer stage, treatments, and mortality rates for subgroups of these populations.
B
LACK, [1] [2] [3] [4] [5] [6] [7] HISPANIC white, 1, 2, [7] [8] [9] [10] and American Indian 8, 11 women seem more likely to be diagnosed as having advanced stages of breast cancer and to have poorer survival rates after diagnosis compared with non-Hispanic whites. Alternatively, Asian and Pacific Islander women, in the aggregate, have been observed not to differ from non-Hispanic whites with respect to breast cancer stage and survival rate.
1,2 However, several studies suggest that there may be variations in these factors across different ethnicities included in the category of Asians and Pacific Islanders. One study 1 of women living in the San Francisco Bay Area of California and 2 studies 12, 13 of women living in Hawaii reported that Hawaiian and Filipino women are more likely to be diagnosed as having advanced stages of breast cancer and to have poorer survival rates after diagnosis compared with nonHispanic whites. Two of these studies 12, 13 also found that Japanese and Chinese women present with less advanced stages of breast cancer and have better survival rates than non-Hispanic whites. However, previous studies 1, 2, [7] [8] [9] [10] 12 evaluating the relationship between race and ethnicity and breast cancer stage and survival rates have been limited in their sample sizes, in their ability to evaluate subgroups of Asians and Pacific Islanders and Hispanic whites, or in their generalizability, as most studied women from limited geographic regions.
In addition, few studies have assessed how the types of treatment that patients with breast cancer receive differ by race and ethnicity. The 2000 National Comprehensive Cancer Network practice guidelines 14 and the 1990 National Institutes of Health Consensus Development Conference 15 state that either breastconserving surgery (BCS) combined with radiotherapy or a total mastectomy constitutes appropriate primary care for most women with stage I or II breast cancer.
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Center, Seattle, Wash. However, radiotherapy after BCS has been underused, 16, 17 and a recent study 18 found that the proportion of women receiving inappropriate primary breast cancer treatments is increasing in the United States. There is also evidence suggesting that treatment choices may vary by race and ethnicity. One study 19 of women diagnosed as having breast cancer between 1990 and 1995 found that nonwhite women were less likely to receive BCS compared with white women.
Using data from 11 population-based tumor registries that participate in the Surveillance, Epidemiology, and End Results (SEER) Program, we assessed the relationship between race and ethnicity, using 17 separate categories, and breast cancer stage, primary treatments, and mortality rates.
METHODS
Women diagnosed as having a first primary invasive breast cancer between January 1, 1992, and December 31, 1998, were identified through 11 population-based cancer registries in the United States that participate in the National Cancer Institute's SEER Program. We chose 1992 as the starting point for this analysis because in this year 2 registries were added to the SEER Programthose serving the urban areas surrounding Los Angeles and San Jose, Calif, both of which contain racially and ethnically diverse populations. The other SEER registries that were used include those serving the states of Connecticut, Hawaii, Iowa, New Mexico, and Utah and the urban areas surrounding Atlanta, Ga; Detroit, Mich; San Francisco-Oakland, Calif; and Seattle, Wash. Patient medical records are the principal sources of data used by the SEER registries. It is estimated that more than 95% of all incident cancer cases in the populations under surveillance are ascertained. Further operational details and methods used by the SEER Program are provided elsewhere. 20 A total of 128195 women whose invasive breast cancer diagnosis was their first primary cancer diagnosis of any type were eligible for this study. Women were excluded if their cancer was diagnosed at autopsy (n=35), if their race was classified as other (n=230) or unknown (n=853), and if their Hispanic ethnicity was classified as either "Spanish surname only" (meaning that the only evidence of a woman's Hispanic origin is her surname or maiden name) or unknown (n=2074). In addition, to make the race and ethnicity categories mutually exclusive, 53 black women, 1 American Indian woman, and 15 Asians and Pacific Islanders who were also categorized as being Hispanic were excluded, leaving a total of 124934 participants.
The primary exposure of interest was race and ethnicity. Beginning in 1988, in addition to categorizing race and ethnicity as white, black, American Indian or Alaskan, Chinese, Japanese, Filipino, and Hawaiian, the SEER registries added categories for Koreans, Vietnamese, and Asian Indians and Pakistanis, among others. Of the 8834 Asians and Pacific Islanders included in the study, 258 were of less common Asian and Pacific Islander races, including Thai, Laotian, and Tongan, and 396 were classified as being other or not otherwise specified (NOS) Asians and Pacific Islanders. These 654 women were grouped together. In 1988, the SEER registries also added information about "Spanish surname or origin," specifically coding whether individuals were Mexican, Puerto Rican, Cuban, South or Central American (except Brazil), other specified Spanish or Hispanic origin (includes European), or Spanish or Hispanic NOS. We used these expanded categorizations in our analyses; however, because of the small number of Cubans (n=142), we merged them with the 3845 women of other or NOS Spanish or Hispanic origin.
Along with age at diagnosis and year of diagnosis, the SEER registries also provide information about the following tumor characteristics: American Joint Committee on Cancer stage, size, grade, number of positive lymph nodes, number of lymph nodes examined, estrogen receptor (ER) status, progesterone receptor (PR) status, and histologic type. Information on surgical and radiation treatments is available, but data on adjuvant chemotherapy and adjuvant hormonal therapy are not. Although information on marital status is provided, data regarding other sociodemographic factors, such as income and health insurance status, are not.
In addition to evaluating stage, we were also interested in assessing whether the primary surgical and radiation treatments given to women of different races and ethnicities with stage I and II breast carcinomas met the standards of care outlined by the 2000 National Comprehensive Cancer Network practice guidelines and the 1990 National Institutes of Health Consensus Development Conference using methods consistent with previous studies. 18, 21 First, women were classified as having received BCS if according to the SEER registry they received a partial (less than total) mastectomy (which includes segmental mastectomy, lumpectomy, quadrectomy, tylectomy, wedge resection, nipple resection, excisional biopsy, or partial mastectomy, NOS). They were then classified as having received standard primary treatment if they received (1) BCS with axillary lymph node dissection and radiotherapy or (2) a total mastectomy (including simple, modified radical, radical, and extended radical mastectomies) with axillary lymph node dissection. Women were classified as receiving inappropriate primary care not meeting the standard of care if they underwent (1) a subcutaneous mastectomy, (2) BCS without radiotherapy, (3) BCS without axillary lymph node dissection, or (4) a total mastectomy without axillary lymph node dissection. 18 Although the 2000 National Comprehensive Cancer Network guidelines apply only to women with stage I and II carcinomas whose tumors are smaller than 2.0 cm, the study that affected this guideline was not published until August 1998. 22 This study reported that neoadjuvant chemotherapy is beneficial to women with stage I and II carcinomas with tumors measuring 2.0 to 5.0 cm. Before its publication, when most of our study took place, neoadjuvant chemotherapy was not thought to benefit and was infrequently used to treat women with earlystage tumors measuring 2.0 to 5.0 cm. However, neoadjuvant chemotherapy was and still is considered to be a more appropriate first course of treatment for women with stage II cancer whose tumors are 5.0 cm or larger. This is important when assessing surgical treatment because the type of surgery recommended after chemotherapy depends on a patient's chemotherapeutic response. For these reasons, we chose to limit treatment analysis to women with tumors smaller than 5.0 cm.
Using statistical software (Stata 6.0 for Windows; Stata Corp, College Station, Tex), polytomous logistic regression was performed to compute odds ratios and 95% confidence intervals (CIs) 23 and to evaluate the effects of confounding and modifying factors on the association between race and ethnicity and American Joint Committee on Cancer stage. In this model, the baseline category used was stage I. The association between race and ethnicity and the appropriateness of the primary treatment given to women with stage I and II breast cancer was assessed using unconditional logistic regression. In addition to adjusting all analyses for age at diagnosis, year of diagnosis, and SEER registry, we adjusted the appropriateness of treatment analysis for American Joint Committee on Cancer stage. In both of these analyses, nonHispanic whites served as the reference group, as this group represented more than 85% of the total study population.
Follow-up information (survival) is ascertained annually by each registry through a variety of data sources, including hospital cancer registries and discharge data sets, the Department of Motor Vehicles registration files, regional records of the Health Care Financing Administration, death records, vot-ers' registration records, and the Social Security Death Index. In addition to vital status, the SEER registries also provide survival time for each patient, calculated in months using the date of diagnosis and whichever of the following occurred first: (1) date of death, (2) date last known to be alive, or (3) December 31, 1998 (the follow-up cutoff date used in our analysis).
Associations between race and ethnicity and mortality rates were estimated using the Cox proportional hazards regression model. 24 Using Stata 6.0 for Windows, Cox regression analysis was performed to compute hazard ratios and 95% CIs and to evaluate the effects of confounding and modifying factors. We used 2 models to assess survival, one adjusting for age and SEER registry and the second accounting for other potential confounders, specifically American Joint Committee on Cancer stage, ER status, PR status, and whether surgical and/or radiation breast cancer therapy was used.
RESULTS
A comparison of various characteristics by race and ethnicity is given in Table 1 . Non-Hispanic white women tended to have later diagnosis ages compared with women of other races and ethnicities, and they had the oldest mean age at diagnosis. With respect to geographic location, black women most frequently came from the Atlanta, Detroit, and Los Angeles registries; American Indians from New Mexico and Seattle; Asian Americans and Pacific Islanders from Hawaii, Los Angeles, and San FranciscoOakland; and Hispanic whites from Los Angeles and New Mexico. Blacks, Hispanic whites, and American Indians were somewhat more likely to present with tumors that were larger, and they had higher grades, had more positive lymph nodes, were ER negative, and were PR negative compared with non-Hispanic whites and Asians and Pacific Islanders. Compared with the other racial and ethnic groups, non-Hispanic whites were more likely to have breast tumors with lobular histologic features. With respect to breast cancer treatments, blacks, American Indians, and Hispanic whites were somewhat more likely to have surgery not recommended or to refuse surgery and less likely to be treated with radiation than were nonHispanic whites.
Compared with non-Hispanic whites, blacks, American Indians, and Hispanic whites had 1.7-to 2.5-fold el- (Table 3) . Overall, Asians and Pacific Islanders were 20% less likely to receive inappropriate therapy, although this reduction seemed to be confined to Japanese, Filipino, Korean, and Vietnamese women.
Compared with non-Hispanic whites, blacks, American Indians, and Hispanic whites had 1.3-to 2.0-fold greater risks of mortality, whereas Asians and Pacific Islanders had the same risk of mortality, adjusting for age and SEER registry ( Table 4) . However, mortality rates differed among Asian and Pacific Islander subgroups, with Japanese women having better survival rates and Hawaiians, Vietnamese, and other and NOS Asians and Pacific Islanders having poorer survival rates than nonHispanic whites. Among Hispanic whites, 1.2-to 1.7-fold increases in risk of mortality were observed among Mexicans, South and Central Americans, and Puerto Ricans. Although somewhat attenuated, elevations in risk of mortality were observed among black, American In- Abbreviations: CI, confidence interval; NOS, not otherwise specified; and OR, odds ratio. *All ORs are adjusted for age at diagnosis, year of diagnosis, American Joint Committee on Cancer stage, and Surveillance, Epidemiology, and End Results registry using unconditional logistic regression. Non-Hispanic whites served as the reference race and ethnicity, and appropriate treatment served as the baseline treatment group.
†PϽ.05.
dian, Hawaiian, and Mexican women, and decreases in risk were observed among Japanese and Chinese women even after adjusting for stage, ER status, PR status, surgical treatment, and radiation therapy in addition to diagnosis age and SEER registry.
COMMENT
Previous studies have shown that blacks, [1] [2] [3] [4] [5] [6] [7] American Indians, 8, 11 and Hispanic whites 1,2,7-10 present with more advanced stages of breast cancer and have poorer survival rates after diagnosis than non-Hispanic whites. With respect to Asians and Pacific Islanders, it has also been shown that Japanese and Chinese women have better survival and that Hawaiians have worse survival relative to non-Hispanic whites. 12, 13 Our findings expand on these studies because we evaluated risk among women of different racial and ethnic subgroups and assessed all races and ethnicities in a large multisite population-based setting. We confirmed the findings described previously and demonstrated that these differences in stage and survival rates have persisted through 1998 in the United States.
Our study also builds on previous work that used SEER Program data, including a study 6 evaluating breast cancer stage and survival rates by race between 1973 and 1991. This study also found that black women had poorer breast cancer outcomes, but it was unable to evaluate other races and ethnicities specifically. Herein, we provide some of the first evidence that Indians and Pakistanis, Mexicans, South and Central Americans, and Puerto Ricans are more likely to present with advanced stages of breast cancer. In addition, with regard to survival, we documented that blacks, American Indians, Hawaiians, Mexicans, South and Central Americans, and Puerto Ricans have greater risks of mortality compared with nonHispanic whites and that for blacks, American Indians, Hawaiians, and Mexicans, these mortality differences persist even after adjusting for stage, ER status, PR status, and primary breast cancer treatments received.
Another strength of this study is that we evaluated how primary treatments administered to patients with breast cancer differ by race and ethnicity. Current National Comprehensive Cancer Network practice guidelines for breast cancer state that either breast-conserving therapy (or partial mastectomy) or total mastectomy is recommended for most women with stage I or II breast carcinoma. Although most women receive care meeting this standard and the proportion of women with breast cancer undergoing breast conservation is increasing, the proportion of women receiving inappropriate care is rising in the United States. 18 Although few studies have reported on differences in treatment by race and ethnicity, differences seem to exist, as nonwhites are less likely than whites to receive breast-conserving therapy. 19 Our results regarding breast cancer treatments are noteworthy because they demonstrate that although certain racial and ethnic groups were less likely to receive the standard of care, including blacks, Mexicans, and Puerto Ricans, certain Asian and Pacific Islander subgroups were more likely to receive such care. These treatment differences may be due to a combination of factors. Treatment decisions may relate to socioeconomic factors, patient-physician interactions, or knowledge. It is the responsibility of physicians to counsel patients with breast cancer on their treatment options, but racial and ethnic barriers may inhibit these conversations from being thoroughly completed.
A potential limitation of this study is that our exposure of interest, race and ethnicity, was determined via medical record reviews. However, information on race was classified as other or unknown, and ethnicity was classified as "Spanish surname only" or unknown whether Spanish or Hispanic or not, for only 3157 women, representing 2.5% of the eligible study population. With respect to Asians and Pacific Islanders, only 396 women, representing 4.5% of this population, were classified as being of an NOS Asian or Pacific Islander race. However, an inability to categorize Hispanic whites into subgroups was more of an important problem, as 3845 women, representing 53.3% of this population, were classified as being of an other or NOS Spanish or Hispanic origin. This inability to categorize most Hispanic whites into particular subgroups could bias our results with respect to these subgroups either toward or away from the null. However, in general, our findings with respect to other and NOS Hispanic whites were similar in magnitude and direction to those of Hispanic whites overall and to the specified Hispanic subgroups, suggesting that the importance of this bias may be limited. Another limitation of this study is that the SEER Program only collects information on treatments started or planned to start within 4 months of initial treatment. Because some women receive chemotherapy before irradiation, it is possible that information about irradiation may be missed for these women. However, during the study, the recommendation of neoadjuvant chemotherapy was typically reserved for women with tumors that were 5.0 cm or larger or who presented at an advanced stage, 14 and these women were excluded from our treatment analysis. Also, the radiation therapy information provided by the SEER registries has been shown to be greater than 90% accurate. 25, 26 With respect to our evaluation of mortality rates, a potentially more important problem is that data on adjuvant therapies, specifically chemotherapy and hormonal therapy, were not available. Both treatments should be recommended to most women with breast cancer per the 2000 National Institutes of Health Consensus Development Panel, as both have been shown to improve survival rates. 27 Thus, it is possible that differences in the administration of these treatments by race and ethnicity could explain the differences in survival rates that we observed. Further studies are required to investigate this issue, but our data highlight that survival differences are present even after adjusting for numerous potential confounders. If the differences that persist after this adjustment are in fact due to differences in patterns of chemotherapy and hormonal therapy use, then improving the regimens given to women of certain racial and ethnic groups may prove to be an important means of improving survival rates in these populations.
In interpreting the results of this study it is also important to acknowledge that an additional limitation was our lack of information regarding other factors that may be associated with breast cancer stage, treatments, and mortality rates. Specifically, data on socioeconomic status, access to health care, family history of breast cancer, use of mammography, and hormonal and reproductive factors were unavailable. With respect to mortality rates, the end point we evaluated was death from any cause, so different distributions of other comorbidities by race and ethnicity could have contributed to the mortality rate differences we observed. However, although differences in these factors have been suggested as possible explanations for differences in breast cancer stage and survival rates by race and ethnicity, the results of studies addressing these issues are mixed. With respect to blacks, some studies 28, 29 have shown that differences in insurance coverage and socioeconomic status do not explain the observed differences in stage, and others [30] [31] [32] [33] have found that after adjusting for factors such as socioeconomic status, income, stage, and breast cancer treatments, differences in survival rates are no longer observed. Despite these conflicting results, the differences we observed in stage, treatments, and survival rates by race and ethnicity are likely due to a combination of socioeconomic and lifestyle, rather than to biologic, factors. A recent study 33 offers compelling evidence that being black is not associated with unfavorable breast cancer outcomes when socioeconomic status is adjusted for and that a low socioeconomic status, not race, is associated with last-stage breast cancer, types of treatment received, and mortality rates. Studies similar to this one, which strongly suggests that socioeconomic, not biologic, differences explain disparities in breast cancer outcomes by race and ethnicity, need to be conducted that include women of other racial and ethnic groups so that the types of socioeconomic differences that explain these disparities can be identified. It is hoped that such studies will point to the types of interventions that are needed to improve breast cancer outcomes among poor women of different racial and ethnic backgrounds.
Other explanations for the poorer survival rates and the more advanced stages of breast cancer that women of particular racial and ethnic groups experience compared with non-Hispanic whites have been proposed, including differences in mammography use, obesity, and tumor marker expression. A recent study 34 found that the black-white difference in cancer stage is present among nonusers of mammography (odds ratio, 2.54; 95% CI, 1.37-4.71) but not among regular mammography users (odds ratio, 1.34; 95% CI, 0.40-4.51). The authors estimated that 12% of the excess late-stage disease among black women is owing to the underuse of mammography, adjusting for socioeconomic status and other comorbidities. In addition, differences in patterns of mammography use by race and ethnicity could partly explain our results with respect to treatments received, as the availability of mammographic data before surgery can affect the choice and adequacy of surgery. With respect to obesity, one study 35 found that adjusting for obesity attenuated the risk of more advanced breast cancer stage in blacks relative to whites by 32% from an odds ratio of 1.98 (95% CI, 1.22-3.19) to 1.66 (95% CI, 1.01-2.73). Differences in tumor marker expression could also explain these findings, as black and Hispanic white women are more likely to have tumors that are hormone receptor negative and to have higher S-phase fractions, both of which are relatively poor prognostic markers. 7 Black women are also more likely to have tumors that are grade III and to have high-grade nuclear atypia, high mitotic activity, and more necrosis. 36 One study 37 that considered several of the potentially modifying factors of the relationship between race and stage discussed previ-ously, including access to health care, use of mammography, body mass index, and tumor marker expression, found that no single factor or group of factors explained the race-stage difference noted between blacks and whites by more than 50%. However, others 38 have shown that this difference no longer persists when breast cancer stage is adjusted for income, age, and marital status. Thus, the differences in stage and survival rates by race and ethnicity observed in this study are likely to be the result of numerous factors.
In summary, a combination of socioeconomic and lifestyle factors, and possibly tumor characteristics, are likely to contribute to the differences in stage at breast cancer presentation and survival rates by race and ethnicity. However, the differences in treatments received that we observed by race and ethnicity are likely to be solely the result of socioeconomic and cultural factors. Understanding these differences is of public health importance as increasing the availability of screening programs targeting women of certain racial or ethnic groups, particularly those with a low socioeconomic status, and improving the treatment regimens that those who develop cancer receive, may be valuable means of improving early breast cancer detection rates and improving survival rates in these populations.
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